Introduction
T he harmful effects of smoking and obesity on pregnancy and birth outcomes are well documented. [1] [2] [3] [4] [5] Smoking during pregnancy has been shown to increase the risk of stillbirths, preterm birth 1, 5 and low birth weight, 5 with potential long-term health consequences for the unborn child. 6, 7 Similarly, studies have shown that high maternal body mass index (BMI) and, in particular, obesity are associated with a range of pregnancy and delivery complications, such as gestational diabetes, 1, 3 gestationalinduced hypertension and preeclampsia, 1 foetal macrosomia, as well as with adverse birth outcomes such as dystocia, induction of labour, 2 preterm birth, caesarean section 2,4 and stillbirths. 1, 4 Because of their high prevalence, overweight and obesity are now considered to have replaced smoking as the most preventable factors for pregnancy complications and adverse birth outcomes. 4 Smoking during pregnancy-as in general-has declined over the past 20 years in most Nordic countries; from 20.6 to 16.5% in Norway, 30.6 to 12.5% in Denmark and 31.4 to 6.9% in Sweden, whereas being stable around 15% in Finland. 8 The prevalence of overweight and obesity has increased worldwide in the last decade. 9 This also applies for pregnant women in the Nordic countries. In 2012, 38% of Swedish women were overweight or obese at the time of registration in antenatal care, which corresponds to a 51% increase over 20 years. 10 In Denmark, the prevalence of overweight and obesity among pregnant women rose from 31.9% in 2004 to 36 .0% in 2010. 11, 12 Until now, published data regarding maternal smoking and BMI from Iceland have been largely lacking, partly due to the fact that the Icelandic Medical Birth Register (MBR) does not include information on these behavioural risk factors. However, 5% of the 1111 pregnant women participating in the Icelandic Childbirth and Health Study in 2009-10 reported smoking during early pregnancy. 13 Furthermore, recent studies on body weight in the general population indicate a substantial increase in BMI over the last two decades. [14] [15] [16] During 2000-10, the Icelandic population experienced profound economic changes. In this decade, Iceland was considered to be one of the richest nations in the world, but in the autumn of 2008, the country suffered a major economic breakdown when three of the largest banks were nationalized resulting in increased unemployment, bankruptcy of hundreds of firms and an increase in private and public debt. 17 A growing body of literature indicates that macroeconomic conditions influence population health and health behaviours, 18, 19 and recent studies on the health effect of the Icelandic economic crisis indicate an overall reduction in health compromising behaviour, 19 whereas early signs of mental-and cardiovascular health seemed negative, particularly among women. 20, 21 Furthermore, in our recent study, we observed an increase in lowbirth-weight deliveries in the year following the economic collapse. 22 Yet, data are scarce on the influence of such massive societal changes on health behaviours among pregnant women.
Using data from an existing cohort study, the aim of this study was therefore to examine the secular trend and patterns of smoking prevalence and body weight among pregnant women in Iceland between 2001 and 2010, a period during which dramatic changes in the nation's economy occurred.
Methods

Study design
We used data from an ongoing study on the risk of adverse maternal health, obstetric and birth outcomes among women previously exposed to sexual violence. 23 Our study population consisted of the unexposed group from that study, which was extracted from the MBR. It is thus a random sample of pregnancies among women who gave birth in the same month as exposed women, i.e. who had previously attended emergency services due to sexual assault and subsequently given birth any time during a 10-year period. This resulted in a population of 1312 women with a total of 1329 pregnancies from 1 January 2001 through 31 December 2010.
The MBR is a population-based register containing information on all pregnancies and deliveries in Iceland since 1982. Registered data include parental-, pregnancy-, labour-and delivery characteristics as well as birth and neonatal outcomes. Despite the richness of the data, information on maternal weight and smoking is not registered in the MBR. This information is, however, registered in maternity records at women's first antenatal visit. All pregnant women attend publicly funded antenatal care in a uniform manner at local clinics every 2-4 weeks of pregnancy. The attendance rate is high (99.5%), with the first antenatal visit occurring between gestational weeks 10 and 12 for the majority of women. 24, 25 Study variables
Smoking and BMI
Information on self-reported smoking behaviour and maternal weight was manually retrieved from maternity records. Women were categorized according to smoking status as non-smokers and ever-smokers; the latter were then further divided into (i) discontinued smokers, including women who discontinued smoking during early pregnancy before their first antenatal visit and (ii) continued smokers, including women who still smoked at the time of the first antenatal visit but may have quit thereafter or smoked throughout pregnancy. We did not have the exact date of when women reported discontinued smoking, although this is generally registered at the first antenatal visit at around gestational week 12.
Women's BMI was calculated according to measured height and weight at the first antenatal weight measurement, which on average occurred on the 97th day of gestation [standard deviation 29.3 
Other measures
Information on maternal socio-demographic characteristics retrieved from the MBR included age at delivery (<25, 25-34, !35 years), maternal citizenship (Icelandic, foreign), parity (nulliparous, multipara), relationship status (cohabitating, not cohabitating with other parent), occupational status (employed, student, unemployed/ on disability/homemaker) and place of residence (urban, rural). To describe the macroeconomic conditions in Iceland during the study period, information on the national unemployment rate and the real wage index was obtained from Statistic Iceland.
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Data analysis
We used year of delivery as an explanatory variable, both on yearly basis and in 2-year intervals (hereafter referred to as bi-annual time intervals).
First, we calculated the proportion of smokers during pregnancy (ever-smokers, discontinued or continued smokers) as well as the mean BMI and proportion of overweight and obesity at first antenatal weight measurement among the study population. The bi-annual proportion of continued smoking and obesity was stratified by maternal socio-demographic characteristics. We used Pearson 2 test to assess the differences in the distribution of women's socio-demographic characteristics between bi-annual time intervals.
Linear regression analysis was conducted to assess the time trend in mean BMI among pregnant women at first antenatal weight measurement. This model was adjusted for the gestational date of first weight measurement.
To examine secular time trends of smoking, overweight and obesity among pregnant women during the study period, logistic regression analysis was used to calculate the odds ratios (ORs) and their 95% confidence interval (CI) for each outcome with calendar time in years (continuous) as the independent variable. When examining the time trend of overweight and obesity, the models were adjusted for the gestational date of first weight measurement. Similar analyses were performed to explore the trends of smoking and obesity among subgroups, where we stratified for age, parity, citizenship, relationship status, occupational status and place of residence. Differences in the proportions of smoking, overweight and obesity between bi-annual time intervals were assessed by Pearson 2 test with a Bonferroni correction to further locate the potential differences between the bi-annual time intervals. Statistical analysis was performed using IBM SPSS Statistics 20.
The study was approved by the Icelandic National Bioethics Committee (VSNb2010050009/03.7) and the Data Protection Authority (2010060504AT/-).
Results
Socio-demographic characteristics of pregnant women in the study were somewhat equally distributed across bi-annual time intervals, with the exception of citizenship and place of residence (table 1) . The proportion of pregnancies with foreign citizenship increased considerably during the study period, as did the proportion of pregnancies occurring in the capital area.
In 21.1% (279/1325) of pregnancies, women reported smoking at some point during early pregnancy and 10.9% (145/1325) continued smoking into the second trimester during the 10-year observation period. Figure 1a shows the prevalence of continued and discontinued smoking into second trimester by bi-annual time intervals. The prevalence of continued smoking was highest in 2005-06 (16.1%), which was higher than the prevalence of continued smoking in 2007-08 (8.5%; P = 0.005) and 2009-10 (8.7%; P = 0.004) (figure 1a). We found an annual decrease in maternal continued smoking over the entire study period [OR = 0.94, 95% CI (0.88-1.00)], a decrease evident among women with Icelandic citizenship but not among women of foreign citizenship. Further, the decrease was most apparent among women older than 35 years nulliparous women and those not cohabitating with partner (table 2) .
In 27.5% (352/1281) of pregnancies, women were categorized as overweight and 18.1% (232/1281) as obese during the observation period. The mean maternal BMI was 25.7. There was no increase in mean maternal BMI during the study period (P = 0.09). We observed the highest prevalence in mean maternal BMI in 2005-06, which then declined towards the end of the study period (figure 1b). However, there was no difference in the prevalence of mean BMI between bi-annual time intervals. During the study period, the prevalence of overweight and obesity, respectively, increased from 25.9% and 13.0% 
Discussion
This is the first study that systematically examines the secular trends of behavioural risk factors, namely maternal weight and smoking during pregnancy in Iceland. We found an overall significant decrease in the prevalence of continued smoking into the second trimester of pregnancy among women with Icelandic citizenship during 2001-10, whereas an initial increase in obesity prevalence seemed to level off towards the end of the observation period. Interestingly, we found that prevalence of both maternal risk factors reached their highest prevalence in 2005-06 which coincides with a flourishing period in the nation's economy. Following the economic collapse, there was a significant increase in the number of children born, resulting in 2009 being the largest birth cohort ever in Iceland, 28 which might have affected the demographic composition of pregnant women.
Our findings on decreased prevalence of smoking among pregnant women are in line with findings from other Nordic countries, specifically from Denmark, Norway and Sweden. 8 A recent survey among 1111 pregnant Icelandic women shows a 5% prevalence of smoking during pregnancy in 2009-10, 13 which is a slightly lower prevalence than found at the end of our study period (8.7%). However, the aforementioned study is based on questionnaire data where women with higher level of education were overrepresented. The decrease in smoking during pregnancy was confined to women with Icelandic citizenship, whereas no decrease was observed among women of non-Icelandic citizenship. Different cultural background, including language, might potentially act as a barrier in providing antenatal information about the adversities of smoking to women speaking foreign languages. The number of women of childbearing age of non-Icelandic citizenship, mainly Polish, in Iceland doubled in 2001-10. 29 Our findings might therefore motivate a tailored smoking cessation intervention specifically targeted at this group.
We did not observe an overall significant time trend in overweight or obesity in 2001-10, although the increase was significant in two subgroups, namely among nulliparous women and students. Trends in the prevalence of obesity among the general population of Icelandic women indicate a 2-fold increase over the past two decades, from approximately 10% in 1990 to 20% in 2010. 15, 30 However, during the most recent years, reports from other countries have indicated that rate of growing prevalence of obesity might be slowing down. 31 Our results are in concordance with results from a population-based study in Sweden where no changes were observed in the rates of overweight or obesity between 2004 and 2008. 32 Similarly, results from a Danish study did not reveal any changes in the rates of overweight or obesity between 1997/1998 and 2004/2005. 33 Of particular interest is the peak in prevalence of smoking and obesity among women who gave birth in 2005 and 2006. The prevalence of smoking in these 2 years was considerably higher than among women giving birth in the last two time intervals (2007/2008 and 2009/2010) . This peak coincides with a boom in Iceland's economy, resulting from a rapid expansion of the country's financial sector. 17 During this expansion, the unemployment rate was at a minimum and the real wage index was constantly rising, a condition which drastically changed in the years following 2007 (figure 1c). Our results correspond with other studies that indicate better health behaviours during times of economic downturn. In a recent study of health behaviours of Icelanders, Á sgeirsdó ttir et al. 19 found that the economic crisis in Iceland in 2008 led to a reduction in health-compromising behaviours, among them smoking and consumption of fast food, sweets and sugarsweetened beverages. Similar results were obtained from the survey of dietary habits of Icelanders in 2010-11 where 33.6% of women reported a change in their dietary habits following the economic collapse. These changes were especially in relation to consumption of sweets, beverages and fast food where 51.3%, 46.9% and 63.2%, respectively, reported a decreased intake of these food items following the economic collapse. 30 Yet, another study indicated a slowed down weight gain following a job loss during the economic collapse in Iceland, particularly for females, 34 which further lends support to a levelling off in the prevalence of overweight and obesity among pregnant women in Iceland. Strength of this study is the objective and prospective measurement found in maternity records of height and weight performed by midwives, which are more reliable than self-reported data. Selfreports have been shown to underestimate weight and overestimate height, resulting in an underestimation of BMI values, 35 whereas height and weight measurements conducted by trained health care practitioners have high reliability. 36 The unavailability of electronic register data on the risk factors under observation limits our study to a relatively small sample that represented an unexposed population in a study on health and birth outcomes of all women previously exposed to sexual violence and subsequently seeking help in the Rape and Trauma Service (RTS) in Iceland. Thus, none of the women in our study population had attended the RTS during the study period possibly yielding somewhat conservative smoking estimates as our previous study indicates that women attending the RTS following sexual violence have been shown to be more likely to be smokers during pregnancy. Of all births in Iceland 2001-10, 1.7% were given by the abovementioned women exposed to sexual violence 23 ; a figure unlikely to have a great effect on the smoking estimates observed in this study. A second limitation pertains to the notion that women may be reluctant to disclose their smoking habits during pregnancy due to societal pressures or fear of stigmatization leading to underestimation of the prevalence of smoking. Indeed, studies have shown a discrepancy between selfreported smoking during pregnancy and smoking confirmed by cotinine measurements where the prevalence of smoking is typically underreported in self-reports. 37 It is well possible that increasing negative attitude towards smoking during pregnancy in the past years may have led to biased underestimation of the prevalence of smoking, thus resulting in a false decreasing trend of smoking during pregnancy. However, the trend of smoking among pregnant women in Iceland in 2001-10 is in line with the trend among women of childbearing age in the general population, where the rate decreased by approximately 50% during the same period. 38 In conclusion, our results indicate that, during a period characterized by dramatic changes in the national economy, the prevalence of continued smoking decreased and the rising prevalence of obesity levelled off among pregnant women in Iceland.
